ERTAIN aspects of head injury are well suited for study with the aid of the cathode ray oscilloscope. This instrument is particularly useful in connection with measurements of deformation of the skull and intracranial pressure changes that occur at the time of injury, since the element of inertia in the measuring and recording of the phenomena is entirely absent. A preliminary report of our investigations is given in this paper.
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PROCEDURE
Mongrel dogs weighing 5 to 15 kilo were used in these experiments. Under intravenous nembutal anesthesia, the scalp was incised in the midline and the masseter muscles reflected and excised. After all bleeding points had been stopped, a small area of the skull was carefully dried and polished in preparation for the application of an electric strain gage. The strain gage was cemented to the polished surface of the skull with methyl methacrylate cement and this was allowed to dry under a heat lamp for approximately two hours. The strain gages used in these experiments were Baldwin Southwark SR-4 resistance wire gages, type C-5, having a half-inch gage length and a resistance of 350 ohms.
Two small holes were made in the temporal region of the skull with a number ~5 drill and threaded with a number 10-~4 tap. "Pressure plugs," which are made of a plastic such as celluloid or lucite about ~ inch in diameter and 89 inch long, are screwed into the holes. Two platinum wire electrodes run through each plug lengthwise, and the dura is opened so that they make contact with cerebrospinal fluid and the brain. Fig. 1 shows an experimental preparation in which a strain gage was cemented longitudinally in the left parietal region and a "pressure plug" was inserted in the temporal region on each side of the skull. By means of an electronic switch operating at a frequency of 1,000 cycles per second, pressure readings from both sides of the ,kull were obtained simultaneously.
The use of the strain gage is quite common in industry for the study of deformations and stresses due to both static and dynamic loads3 ,2 It consists of a length of resistance wire 1/ 1,000 inch in diameter, cemented to a thin layer of paper. When the gage is cemented to the skull, the wire deforms as the skull deforms. When the skull bends inward, causing compression on the outside surface, there is a shortening of the strain gage wire with a consequent decrease in its electrical resistance. When the skull bends outward, producing tension on the outer surface, the wire lengthens causing an increase in its resistance. The changes in resistance are directly proportional to the changes in length which take place in the gages, and the resistance changes are recorded by the cathode ray oscilloscope.
Changes in intracranial pressure are recorded by the use of the "pressure plug," utilizing the fact that compression of an electrolyte decreases its electrical resistance and rarefaction or decrease in pressure causes an increase in its resistance2, 4 With increase in intracranial pressure in the neighborhood of the "pressure plug," the electrical resistance of the cerebrospinal fluid between the platinum electrodes decreases, and the change of electrical resistance * Aided by a grant from the Theodore A. McGraw Fund.
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is observed on the oscilloscope. If the pressure is reduced this is also indicated by the increased resistance across the electrodes of the "pressure plug."
The electrical resistance changes occurring in the strain gage are measured by the potentiometer circuit shown in Fig. 2 . G represents the 350-ohm strain gage which is cemented to the skull, R is a ballast resistance of 500 ohms, B is a 22 89 battery, and S is a DuMont #208 cathode ray oscilloscope. Full gain of the amplifier in the oscilloscope was used with the strain gage experiments, giving an amplification ratio of the resistance change in the gage of 2,000 to 1. During the experiment, care had to be taken to prevent blood or moisture from coming in contact with the gage, and the wires of the circuit had to be attached to the gage in such a manner that no force or pull was exerted on the gage by the wires when the skull was struck.
FIG. 1. Preparation with "pressure plugs" screwed into the skull and electric strain gage cemented to the left parietal region.
All connections were soldered to insure perfect contacts. In recording the picture on the screen of the oscilloscope, the horizontal sweep circuit was turned off so that the point of light moved only in a vertical direction. A camera having no shutter, in which the film moved horizontally past the oscilloscope screen at a rate of 17 inches per second was used for recording. A 60-cycle current of known voltage was also recorded by the camera for calibration of both the time and the strain functions.* Fig. 2 will also serve to illustrate the circuit used for observing pressure changes. In this case G becomes the "pressure plug," the ballast resistance R is ~5,000 ohms, B remains the 22 89 battery, and S is the oscilloscope. The gain in the amplifier required in this case was much less than the 2,000 to 1 ratio used for the strain gage tests. Recording was done in the same manner as previously described.
